tion rate; mortality; non-insulin-dependent diabetes; prospective study; urinary albumin excretion rate Background. The objective was to evaluate the impact of urinary albumin excretion rate ( UAER), glomerular filtration rate (GFR) and subclinical autonomic neuropathy (SANP) on 9-year total ( TM ) and sudden
subjects 6 years later showed that 18 subjects had been seems that in mortality studies concerned with known started on insulin therapy and four within 2 years from NIDDM subjects the general risk factors could still diagnosis. Non-diabetic control subjects had no history of stand for the predictive power found for microalbumindiabetes and a verified blood glucose<7 mmol/l. They underuria and considered as independent. Moreover, no went an oral glucose tolerance test and subjects with a study commencing in recently diagnosed NIDDM sub-postload 2-h glucose level of Á10 mmol/l were excluded (4 jects has been able to show an independent predictive subjects). The control subjects thus represents non-diabetic role for microalbuminuria on mortality. The question visitors of the primary health care centre. Subjects with a of how microalbuminuria relates to premature cardio-known (according to available records) serious disease, e.g. vascular mortality in NIDDM is not settled. disseminated cancer, were excluded from all study groups alike. Four (2.7%) recent diabetic, 10 (6.7%) non-diabetic, Advanced autonomic neuropathy is associated with and 16 (11%) known diabetic subjects were excluded on this a shortened survival and an increased occurrence of ground. The participation rates were 93% for recent diabetic sudden deaths in insulin dependent diabetic (IDDM ) and 86% for the other subjects. Of the known diabetic subjects [14] . The autonomic nervous function is subjects 43.2% had a disease duration between 5 and 9 years, altered as evaluated by cardiovascular reflex tests in 34.2%, 16.4% and 6.2% respectively a disease duration of NIDDM subjects with a recent disease onset [15] and 10-14, 15-20 and 20-25 years. The mean duration was in those without clinically evident cardiac disease [16 ] . 11 years. Little is however known of the significance of subclinical autonomic neuropathy (SANP) in NIDDM subjects.
Methods The mortality in diabetic subjects with end-stage renal failure is largely increased compared to non-A detailed clinical survey was carried out. Smoking was inquired for (yes/no at time of inquiry and previously). The diabetic and diabetic counterparts with normal renal use of antihypertensive medication was noted. Prior congestfunction. In NIDDM and IDDM subjects disease onset ive heart failure (at least venous congestion by chest radiois associated with an increase in glomerular filtration graphy) and cerebrovascular disease (a neurological deficit rate (GFR) which is followed by a progressive decline lasting Á24 h and clinically compatible with stroke) data as the incipient nephropathy heralding renal failure were obtained and verified from hospital and health centre sets in [17, 18] . It is unknown whether this slight records. Myocardial infarction was present if evaluation of reduction in glomerular filtration rate, which still hospital records revealed prior myocardial infarction accordremains in the normal range, has any impact on ing to electrocardiographic and enzyme (creatinine kinase) mortality in NIDDM subjects. 
Subjects and methods
was observed by clinical examination. Height and weight were measured and body mass index (BMI ) was calculated from the formula: weight (kg): height2 (m2). Blood pressure Patients was measured to the nearest 2 mmHg in the supine position. The mean arterial blood pressure (MAP) was calculated Between 1.5.1985 and 22.4.1988 one-hundred and fifty consecutive recently diagnosed (<1 year) non-insulin-dependent from the formula 1/3×(systolic blood pressure+2×diastolic blood pressure). diabetic (RD) and as many non-diabetic control subjects (NC ) were examined at the Tampere University Hospital.
Haemoglobin A1c was determined by liquid chromatography and fasting serum insulin by radioimmunoassay. The diabetic and the non-diabetic subjects were 40-65 years of age and recruited on a population basis from the Primary Serum cholesterol and triglycerides were determined enzymatically and HDL cholesterol by dextran Mg sulphate precipHealth Care Centre of Tampere (population 168 216). The non-diabetic subjects were case-controls and matched for age itation from fasting samples. The C-peptide response to 1 mg of glucagon NovoA at 6 mins post i.v. injection was deter-(within 5 years) and gender to the diabetic ones and recruited from the same facilities. A random sample of 146 diabetic mined with a radioimmunoassay. Fasting serum and urinary creatinine were determined enzymatically. A 24-h urinary subjects aged 45-70 years ( KD) with a disease duration of at least 5 years were recruited from the diabetes register of sample was collected and albumin excretion rate determined by nephelometry. Microalbuminuria was defined as the health centre containing 3570 patients (prevalence 2.1%). Diabetes was verified when the blood glucose value was 30<UAER<300 mg/24 h. After an overnight fast a urinary spot sample was obtained in order to calculate the fractional Á7.0 mmol/l on two separate occasions. The recent diabetic subjects were either on oral therapy or on a diet at recruitment clearance of albumin. It was calculated from the formula:
fractional albumin excretion rate=urinary albumin concenand the known diabetic subjects on diet, tablets, or insulin, which however, always had been started because of a poor tration5serum albumin concentration×serum creatinine concentration5urinary creatinine concentration [21] . Glomerular metabolic control. Subjects with insulin dependent disease (episode of ketoacidosis or <2 years disease duration before filtration rate was determined by the single-injection method as the plasma clearance of 51Cr−EDTA. Autonomic nervous initiation of insulin treatment) were excluded from the group with known diabetes. Re-evaluation of the recent diabetic function was evaluated by a battery of tests including the Valsalva ratio (a test of the integrated autonomic neural UAER/24 h or fractional clearance of albumin. They gave essentially the same results and here data for the UAER/24 h function), which was the ratio between the longest RR interval on an electrocardiogram after release of the pressure are given.
Approval of the study was obtained by the Ethical obtained by blowing into a sphygmomanometer and the shortest RR interval during sustained pressure. The proced-Committees of the Tampere University Hospital and the Health Centre of Tampere. All subjects gave written ure was repeated twice and the mean was calculated. The methodology and the results in the groups under study in informed consent. the other tests (deep breathing and orthostatic ratios based on RR intervals and blood pressure profile in an active orthostatic test) have been previously described [15] . The Results
Valsalva test was selected as independent variable to be utilized in the regression analysis here since it was the most Among recent diabetic 26/150 (17%), non-diabetic sensitive of the tests.
control 10/150 (6.7%) and known diabetic subjects At 31.12.1994 the patient status according to being alive 34/146 (23%) had deceased ( Table 1) . Death, calcuor deceased was determined. The follow-up times as mean lated from entry into the study, occurred after a mean (range) in years were for RD 9.2 (7.5-10.5), NC 8.9
(range) of 5.5 (0.3-8.3) years in RD, 3.5 (2.4-6.7) (7.5-10.4) and kDa 8.6 (7.4-10.5) and thus showed very little variation between groups. From autopsy and hospital years in NC, and 5.1 (0.1-8.6) years in KD. The records the cause of death in deceased persons was ascer-follow-up time and 'time to death' were thus analogous tained and classified according to ICD-9. The mode of among the diabetic groups. The majority of fatalities verification (number of subjects) was by autopsy, hospital among the diabetic subjects was caused by ischaemic records, or 'death certificate only' in recent diabetic subjects heart disease, whilst the non-diabetic subjects died 14, 4, 8, in non-diabetic subjects 8, 2, 7 and in known diabetic from various causes. Sudden cardiac death occurred subjects 19, 8 and 7 respectively. Sudden cardiac mortality in 85, 50 and 63% in the respective groups (Table 1) .
was diagnosed in cases were the death had been both
In recent diabetic subjects with an UAER<30, observed as instantaneous by an onlooker and the cause of 30-300 and >300 mg/24 h respectively there were 15, death was coronary heart disease according to the death 10 and 1 observed deaths as compared to the expected certificate.
17.4, 7.6 and 1 according to random distribution ( x2 test, df=2 P=0.53). In known diabetic subjects the Statistical methods respective observed deaths were 16, 13 and 5 as compared to the expected of 22.5, 9.1 and 2.4 (P=0.0142).
The mortality according to grouping for UAER and diabetic-
The clinical characteristics for the study groups are non-diabetic status was calculated and the difference assessed depicted in Table 2 . The known diabetic subjects were by the x2-test with Yates correction. The descriptive statistics of the independent variables, i.e. predictors, are given. The older (by definition) than the other groups, and had predictors for the categorical dependent variable the poorest glycaemic control among diabetic subjects.
(deceased/alive) for the diabetic groups were analysed by The diabetic subjects were more obese and had higher stepwise logistic regression. The dependent variables were fasting serum insulin and triglyceride but lower total total and sudden cardiac death, the predictors were UAER and HDL cholesterol levels than the control subjects.
(or fractional clearance of albumin), GFR, SANP, age, The diabetic subjects had a well-preserved glucagongender, BMI, mean arterial pressure, fasting serum choles-stimulated C-peptide level. Among diabetic subjects terol, HDL-cholesterol, triglycerides, insulin, haemoglobin the mean arterial blood pressure values, urinary albuA1c, diabetes duration, QTc-interval (ECG), coronary heart min excretion, fractional urinary albumin excretion, disease, peripheral vascular disease, cerebrovascular disease, and glomerular filtration rates were higher than in congestive heart failure, antihypertensive therapy, and smoking habits. All regression analysis were carried out with either control subjects. The Valsalva ratio was higher in control subjects than in diabetic ones. The known mortality. Fasting serum triglycerides (P=0.003) significantly predicted sudden cardiac death. diabetic subjects had the poorest results in the breathing and orthostatic tests. The QTc-interval was equal
In known diabetic subjects the Valsalva ratio predicted total and sudden cardiac mortality (P=0.009 in all groups.
Among recent diabetic, non-diabetic control and and 0.044 respectively). Likewise the glomerular filtration rate significantly predicted total (P=0.04) and known diabetic subjects respectively clinical disease entities were present as follows: coronary heart disease sudden cardiac (P=0.027) mortality in known diabetic subjects but not in the recent diabetic subjects. 41, 30, 59%; myocardial infarction 18, 11, 18%; peripheral vascular disease 18, 11, 18%; cerebrovascular disease 3, 3, 5%; congestive heart failure 13, 4 and Discussion 20%. The prevalences of antihypertensive therapy were 51, 29, 60% and those of smoking at present time were 20, 27, 11% respectively.
In the present prospective 9-year study the mortality rates in NIDDM subjects were increased compared to Stepwise logistic regression analyses were carried out in the diabetic groups with the total and sudden cardiac non-diabetic subjects as found in previous studies [1] [2] [3] [4] . mortality as dependent variables. The results are depicted in Table 3 (only variables with an independent Attained age predicted mortality in the known diabetic subjects, probably due to their greater age and predictive value, i.e. P<0.05, are shown). The evaluated predictors are given in the statistical methods higher death rates. In contrast to other studies [8, 11] diabetes duration was not significant here presumably section.
In recent diabetic subjects male gender (P=0.049), due to the small variation in duration of diabetes among the subjects. The relationship between disease fasting serum cholesterol (P=0.007), congestive heart failure (P=0.001), coronary heart disease (P=0.041), duration and mortality may also be obscured by a delayed diagnosis of NIDDM. Other studies in and cerebrovascular disease (P=0.001) predicted total mortality ( Table 3) . Sudden cardiac death was pre-NIDDM subjects [13, 22] have found that poor glycaemic control predicts mortality. This was true for our dicted by fasting serum triglyceride levels (P=0.001), coronary heart disease (P=0.029) and cerebrovascular cohort with known disease.
After taking pre-existing coronary heart disease into disease (P=0.017).
In known diabetic subjects (Table 3 ) attained age at consideration fasting serum cholesterol still predicted total mortality in recent NIDDM subjects and was recruitment predicted total (P=0.001) and sudden cardiac (P=0.002) mortality. Coronary heart disease almost predictive in known subjects (P=0.09), whereas it has been significantly predictive in known diabetic predicted total (P=0.034) and sudden cardiac (P= 0.006) mortality as peripheral vascular disease also did subjects in other studies [23, 24] . In the present study the serum triglyceride level was predictive of sudden (P=0.001 and 0.003 respectively). MAP (P=0.014) and haemoglobin A1c (P=0.004) predicted total cardiac death, but not of total mortality, in both D/A indicates number of subjects being deceased/not deceased from specified cause, with complete data for all independent variables (incomplete data are due to the inability to carry out the autonomic neuropathy tests in subjects with atrial fibrillation, frequent ventricular extrasystoles or very high blood pressure).
recently diagnosed and known diabetic subjects, the In the present study high blood pressure predicted only total mortality in known diabetic subjects. This reason for which is not clear. Hypertriglyceridaemia in NIDDM subjects may be related to more diffuse may be related to the fact that the blood pressure levels were high in both diabetic groups and the blood coronary heart disease and an increased risk of arrhythmia. Of note is that LDL-triglyceride content pressure difference at an individual level was small.
High blood pressure in known diabetic subjects may has been found to predict 10-year cardiovascular mortality in recent diabetic subjects [13] . imply diabetic kidney disease, i.e. glomerulosclerosis and/or arteriolosclerosis. The glomerular filtration As expected the predominant causes of death in the diabetic subjects were coronary heart and cerebrovas-rates in the diabetic subjects were however higher than among non-diabetic control subjects i.e. hyperfiltration cular disease. These were the causes of more than three-quarters of the deaths. More importantly, the prevailed among the diabetic subjects under study [18] .
Still a significant predictive role for GFR (inverse mechanism of cardiac death was sudden in the majority of subjects implying arrhythmia with or without isch-value) was found in the known diabetic subjects, a finding that, as far as we know, has not been reported aemia. In a previous report [15] we showed in the NIDDM subjects slight but significant dysfunction in before. This slight decline (still within normal range) in GFR probably reflects the adverse effect of longthe autonomic reflex tests, namely in the Valsalva, deep breathing and orthostatic RR-ratios. In accordance term diabetes per se and hypertension on the vascular bed, and is probably thereby related to mortality. with previous literature [25, 26 ] we found the results in the Valsalva ratio to be the most deviant in the diabetic In previous studies in known NIDDM subjects microalbuminuria has predicted mortality on a one subjects. Hence it was utilized in the present study to indicate autonomic neural dysfunction. More severe decade span [5, 6, 8] . Two recent prospective studies considering coronary heart disease, hyperlipidaemia autonomic neuropathy observed in insulin-dependent diabetic subjects is related to increased mortality in and hypertension in known NIDDM subjects confirm the predictive power of microalbuminuria [10, 11] . The sudden death, presumably caused by cardiac arrest [14] . The mechanism may be a decreased vagal tone present study showed that in known diabetic subjects the mortality rates were higher among microalbumindue to parasympathetic reflex arc damage. Our finding that a low Valsalva ratio, even though in the normal uric compared to normoalbuminuric subjects at baseline suggesting a causal relationship. However, in range, is independently associated with total and sudden cardiac mortality is suggestive of an important logistic regression analysis taking into account the demographic variables and known risk factors no role for the even slightly altered neural function as a cause of cardiac arrest in NIDDM subjects. In other independent significant predictive power of microalbuminuria remained, a finding that is discordant with words, NIDDM subjects with coronary atherosclerosis may be prone to die prematurely from cardiac arrest previous studies. Furthermore, among recent diabetic subjects grouped according to UAER the mortality due to coexistent autonomic neuropathy.
